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Abstract: Adsorption cooling technology is one of the effective means to convert low grade thermal energy 
in to effective cooling, which improves energy efficiency and lowers environmental pollution. The main 
objective of this study is to investigate the thermal performance of an adsorption refrigerator theoretically. 
The working adsorbent/adsorbate pair used is Granular Activated Carbon, GAC/R134a pair. The effect of 
different design parameters and operating conditions on the system performance is studied and interpreted. 
Some assumptions and approximations are also considered. A computer program is written using Matlab. 
Results show that the equilibrium adsorption capacity is highly affected by the driving temperature and 
equilibrium pressure. Increasing equilibrium pressure leads to a corresponding increase in the equilibrium 
adsorption capacity whereas it is value is decreased as the driving temperature increases. Moreover, 
increasing the driving and evaporator temperatures raise the values of the Specific Cooling Effect (SCE) and 
Coefficient of Performance (COP). The maximum values of SCE and COP are 60 KJ/kg and 0.4 corresponding 
to driving and evaporator temperatures of 100 oC and 20 oC respectively. However, increasing the condenser 
temperature leads to a remarked decrease in SCE and COP of the cooling system. SCE and COP values are 
32 KJ/kg and 0.22 at driving and condenser temperatures of 100 oC and 40 oC respectively. When comparing 
the present study results with literature, there is a good agreement in general. It is clear that the adsorption 
cooling system can be driven effectively by low grade heat sources such as, solar energy, waste heat energy, 
geothermal energy…etc.
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ملخص:تعتبر تقنية التبريد الأمتزازي من أهم التقنيات الفعالة التي يتم عن طريقها تحويل الطاقة الحرارية ذات درجات الحرارة 
المنخفضة إلى تبريد فعال يحسن من كفاءة الطاقة ويخفض التلوث البيئي، الهدف الرئيسي لهذه الدراسة هو التحقق نظرياً من الأداء 
الحراري لثلاجة إمتزازية. زوج الإمتزاز )الماز/ الممتز( المستخدم هو )الكربون الحبيبي المنشط GAC / ومائع التبريد R134a (، تم دراسة 
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1. INTRODUCTION   
Refrigeration may be defined as the process of achieving and maintaining atemperature below that of 

the surroundings, the aim being to cool some product or space to the required temperature. One of the most 
important applications of refrigeration has been the preservation of perishable food products by storing them 
at low temperatures. Refrigeration systems are also used extensively for providing thermal comfort to human 
beings by means of air conditioning. Air Conditioning refers to the treatment of air so as to simultaneously 
control its temperature, moisture content, cleanliness, odor and circulation, as required by occupants, a 
process, or products in the space [1].

In recent years, thermal-cooling adsorption systems have received a lot of attention because they are 
environmentally friendly and can be operated with low temperature sources such as solar energy, lost 
heat and geothermal energy. Traditional refrigeration and air-conditioning systems have many negative 
environmental impacts from conventional energy sources and cooling fluids used. These environmental 
problems are climate change, depletion of the ozone layer and pollution. As well as contribute to the increase 
in the demand for electricity and the consequent economic problems is to increase the cost of supplying 
this power. Therefore, solar-powered adsorption cooling systems have the potential to reduce many of these 
problems. In the adsorbent cooling system, the mechanical compressor known in the conventional electric-
powered cooling systems is replaced by a thermal compressor powered by low-temperature energy such as solar 
energy, geothermal energy or lost energy. On this basis, it does not require electrical energy during operation. 
Except for the electric power needed to operate the recycling pumps in some cases. Although adsorption 
cooling systems are not widely distributed in the market, they are considered promising technologies and are 
of great interest as they do not contain rotary compressors and are sometimes referred to as silent systems. 

There are many researches and studies about the subject were conducted in literature, Askalany et al [5] 
estimated the adsorption characteristics of granular activated carbon (GAC)/R134a pair experimentally. A 
laboratory scale test rig was designed and built to run the experiments. The adsorption capacity of the GAC 
was studied at different temperatures 25 oC, 35 oC, 45 oC and 65 oC. Pressure and time were recorded during 
the experiments. The maximum adsorption capacity was found to be 1.68 kg R134a/ kg carbon at 25 oC after 
1000 seconds. The activation energy and the exponential constant were estimated to be 9575 J /mole and 1.83 
respectively.

Askalany et al [8] designed and built an adsorption cooling system employing granular activated carbon 
(GAC)/R134a as adsorbent refrigerant pair. The performance of the system has been determined varying 

وتفسير تأثير المتغيرات التصميمية المختلفة والظروف التشغيلية على أداء المنظومة. تم أيضا الأخذ وبعين الأعتبار بعض الأفتراضات 
والتقريبات اللازمة. كما تم كتابة برنامج كمبيوتر بواسطة برنامج MATLAB. أظهرت النتائج أن سعة التوازن الإمتزازية تتأثر 
بشكل كبير بدرجات الحرارة المحركة )التشغيلية( وضغط التوازن، حيث زادت بزيادة ضغط التوازن، وقلت بزيادة درجة الحرارة المحركة 
)التشغيلية(. بالأضافة إلى ذلك، زيادة درجة الحرارة المحركة )التشغيلية( ودرجة حرارة المبخر أدى إلى زيادة قيم تأثير التبريد النوعي، 
ومعامل الأداء للثلاجة. القيم القصوى لتأثير التبريد النوعي ومعامل الأداء كانت60   كيلوجول/كيلوجرام  و 0.4 على التوالي، والتي 
تناظر درجة حرارة محركة )تشغيلية( ودرجة حرارة المبخر عند100  درجة مئوية و 20 درجة مئوية على التوالي. ولكن زيادة درجة 
حرارة المكثف أدت إلى انخفاض ملحوظ في تأثير التبريد النوعي و معامل الأداء لنظام التبريد. قيم تأثير التبريد النوعي ومعامل الأداء 
كانت 32  كيلوجول/كيلوجرام  و 0.22 على التوالي عند درجة حرارة محركة )تشغيلية( ودرجة حرارة المكثف 100 درجة مئوية و 
40 درجة مئوية على التوالي. عند مقارنة نتائج الدراسة الحالية مع الدراسات السابقة تبين أن هناك توافق جيد وبشكل عام. يستنتج 
مثل  منخفضة  حرارة  درجات  ذات  حرارية  مصادر  بواسطة  وبفعالية  الإمتزازي  التبريد  نظام  تشغيل  الممكن  من  انه  الدراسة  هذه  من 

الطاقة الشمسية، الطاقة الحرارية الضائعة، الطاقة الحرارية الأرضية ...الخ.  .

Keywords: Adsorption capacity, cooling, evaporator, condenser, driving temperature, equilibrium 
pressure.



25

Abdulghani Ramadan et. al.

Solar Energy and Sustainable Development, Volume (8) -N o (1).  Jun. 2019

driving heat source inlet temperatures and delivered evaporator temperatures. The maximum driving heat 
source temperature is kept below 100 oC to utilize solar thermal energy or waste heat sources. The results 
showed good agreement between the theoretical and experimental data. The maximum theoretical coefficient 
of performance (COP) is obtained as 0.35. The experimental specific cooling energy (SCE) is reached up to 
70 kJ/kg whereas the maximum theoretical SCE of the system is 83 kJ/kg. The pressurized-bed adsorption 
cooling system can effectively utilize low grade waste heat of temperature below 100 oC.

Attala and Sadek [9] investigated the adsorption characteristics of granular activated carbon GAC/R- 134a 
pair in the temperature range of 20˚C - 60˚C and pressure up to 10 bars. The Dubinin-Astakhov adsorption 
equilibrium model is fit to experimental data with acceptable error limit. The pressure-temperature-
concentration (P-T-X) diagram of the pair is also presented. The isosteric heat of adsorption of R-134a on 
activated carbon has been calculated using the Clausius-Clapeyron equation as a function of adsorption 
capacity. The maximum adsorption capacity was found to be 1.92 kg R134a/kg carbon at 20˚C after 1200 s. 
The experimental results also show that the increase of heat transfer area improves the adsorption capacity 
per kg of adsorber, which leads to the design of a finned tubes heat exchanger adsorption unit.

This paper presents a theoretical study for an adsorption refrigerator. The effect of different design 
parameters and operating conditions known to affect the thermal performance of the adsorption cooling 
system under prevailing conditions of Tajoura-Libya has been investigated. The operating Adsorbent/
Adsorbate pair used is (Granular Activated Carbon / R134a). In addition, a comparison between present 
study results and others from literature was carried out, discussed and interpreted.

2. ADSORPTION CYCLE DESCRIPTION
The basic adsorption cycle for cooling consists of four processes represented in Figure 1. A, B is an isosteric 

heating process. B, C is an isobaric heating process. Cooling of the adsorbent provokes a drop of pressure in 
the collector (process C,D). Meanwhile, the liquid refrigerant is transferred into the evaporator the adsorbent 
continues to decrease in temperature and pumps the liquid refrigerant, which evaporates and extracts heat 
from the evaporator (process D–A) generating a cooling effect. 

Figure (1-a). Adsorption cooling in Clapeyron diagram [2].



Theoretical Study for an Adsorption Refrigerator

26Solar Energy and Sustainable Development, Volume (8) -N o (1). Jun. 2019

Figure (1-b). Schematic view of a simple adsorption refrigerator system [3].

3. MATHEMATICAL MODELING 
The lumped model presented everywhere in the literature, [4-8], is applied for this study to investigate the 

effect of different parameters on the adsorption-desorption phenomena of GAC-R134a pair. This model is 
mainly based on mass balance and energy balance equations in addition to other related correlations. Herein 
are the main formulation and the governing equations used. The governing equation for the adsorption 
pairs is Dubinin-Astakhov (D-A), Equation 1, which is usually used in the estimation of the equilibrium 
adsorption/desorption quantity in physical adsorption. The Clapeyron diagram will be used here to obtain 
the adsorption cooling cycle. The main simplifying assumptions are as follows:

 • The density of dry adsorbent is constant.

The adsorbent bed is composed of uniform-size particles and the bed porosity is constant.

The heat transfer in the heating or cooling fluids and in the metal tube is one-dimensional.

The temperature and the pressure in the space between the adsorbent and the outer tube are uniform [4].

........................................................................................................... ( )exp lnW W E
RT

P
P 1s

n

0= - b bl l; E' 1

E,  W0 and n were determined experimentally as 93.85 kJ/kg, 1.68 and 1.83 [5].

3.1   Desorption
Desorption process is divided into two processes: isosteric heating and isobaric heating. The isosteric heat 

per kg of adsorbent is determined by equation (2) which is defined as Clausius-Clapeyron [6].
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P
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 As it was found that a plot of E
h hst fg-  is only a function of temperature [6]. The equation with the 

correction is written as in equation (3):
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The values of the constants a and b for R134a are 1.81 and 6.25 respectively [6]. The critical temperature 
for R134a is 100.9 °C so Equation 3 could be in the form of Equation 4.
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The Desorption heat amount of the system per kg of GAC is calculated from equation  (5) [7].
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Dissipated heat by the metal body of the bed during desorption process should be taken in account. 
It is determined by Equation 8, however; the total heat added to the system through desorption process is 
calculated by using Equation 9. Equation 10 shows the heat balance of the bed during desorption process.

/ ...................................................................................................................... ( )q m cp T T m 8m m m con ac ac= -] g  

........................................................................................................................ ( )Q m q q dt
1 9des ac des m

des
= +^ bh l

....................................................................................................................... ( )Q m cp T T 10des f w hw hwin out= -^ h

3.2  Adsorption
The total amount of heat rejected during adsorption process is calculated by using Equation 11. The heat 

balance for adsorption process is presented in Equation 12.

...................................................................................................................... ( )Q m q q dt
1 11ads ac ads m
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= +^ bh l

Where;
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3.3 Condenser heat balance.
The heat rejected in the condenser is estimated by Equation 14 and the heat balance for the condenser is 

presented by Equation 15.

................................................................................................. ( )q W W h h Wcp dT 14con b c f b r

b

c
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3.4  Cooling effect
The cooling effect of the cycle could be determined from Equation 16 and the coefficient of performance 

for one cycle could be derived from Equation 17.

............................................................................................... ( )SCE W W h cp T Teva 16b c fg r conr= - - -] ]g g6 @

............................................................................................................................................ ( )COP q
SCE 17

des
=

3.5 Solution Procedure 
The above system of governing equations are mathematically manipulated and solved. For this purpose, 

a computer program has been  written in MATLAB which reads input data and solves the equations to get 
the output data. Results are stored and graphically represented. The operating conditions of the system are 
tabulated in Table 1.

Table (1). Operating conditions of the system

Properties Value

Evaporator pressure (bar) 3.3
Condenser pressure (bar) 7

Adsorption temperature (oC) 30
Desorption temperature (oC) 95

4. RESULTS AND DISCUSSION
4.1 The effect of pressure and driving temperature on the equilibrium Adsorption 

capacity 
Figure 2 and Figure 3 show the effect equilibrium pressure on the equilibrium adsorption capacity 

of GAC/R-134a pair at different values of driving temperatures of (20, 30, 40, 50 & 60 oC). As can be seen 
from Figure 2, the equilibrium adsorption capacity of temperature 20˚C is considerably larger than those 
of other temperatures. Also the maximum adsorption capacity that could be reached is 1.68 (kg/kg) at 20˚C 
adsorption temperature. The figure also shows that the adsorption capacity rises rapidly in the first period 
with the increase of equilibrium pressure and then has a slow progress and the adsorption capacity approaches 
a limiting value. 

Figure (2). The effect of pressure on the equilibrium adsorption capacity at different values of equilibrium 
pressures.
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Figure 3 shows the effect of driving temperature on the equilibrium adsorption of GAC/R-134a pair at 
five different pressures of (1, 2, 3, 4 & 5 bar). It is observed that as the driving temperature increases, the 
equilibrium adsorption capacity decrease. It varies from its maximum value of 1.68 (kg/kg) at (T= 20 oC 
and P= 5 bar) to a minimum value of 1.42 (kg/kg) at (T= 60 oC and P= 5 bar). As a result, the adsorption 
capacity reached its maximum value at low temperature and then decreases with the increase of temperature. 
However, adsorption capacity increases with a corresponding increase in the equilibrium pressure.

Figure (3). The effect of driving temperature on the equilibrium adsorption capacity at different values of 
equilibrium pressures.

4.2 The effect of driving temperature and evaporator temperature on the specific cooling 
capacity and coefficient of performance

Figures 4 and 5 show the effect of changing driving source temperature on the SCE and COP respectively 
at different evaporator temperatures (-5, 5, 10, 15 & 20 oC) and at constant condenser temperature of 30 
oC. Results reveal that there is a noticeable increase in the specific cooling capacity and in the coefficient 
of performance as the driving temperature and evaporator temperature rise to higher values. SCE values 
varies from 11 kJ/kg at driving temperature of 70 oC to about 42 KJ/kg at a driving temperature of 100 oC at 
a constant evaporator temperature of 5 oC to a corresponding increase of SCE from 15 kJ/kg to 60 kJ/kg at 
driving temperatures of 70 and 100 oC respectively at a corresponding constant evaporator temperature of 
20 oC. The same trend is remarked on the effect of increasing driving source temperature and evaporator 
temperature on COP. Again COP values change from about 0.13 to 0.26 at evaporator temperature of -5 oC to 
about 0.18 to 0.38 at evaporator temperature of 20 oC. As a result, SCE and COP values increase by increasing 
driving source temperature and evaporator temperature as well.

This is attributed to the fact that increasing the evaporator temperature at a constant condenser 
temperature leads to a corresponding increase in the initial pressure of the adsorption process which will 
decrease the period of the isosteric heating time, leading to relatively higher SCE and COP values.  
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Figure (4). The effect of driving temperature on the specific cooling capacity at different 
evaporator temperatures.

Figure (5): The effect of driving temperature on the coefficient of performance at 
different evaporator temperatures.

4.3 The effect of driving temperature and condenser temperature on the specific cooling 
capacity and coefficient of performance

Figures 6 and 7 show the effect of changing driving source temperature on the SCE and COP respectively 
at different condenser temperatures of (30, 35 & 40 oC) and at constant evaporator temperature of 5 oC. Results 
show that there is a noticeable increase in the specific cooling capacity and in the coefficient of performance 
as the driving temperature rise to higher values. However, a reverse effect is noticed when increasing the 
condenser temperature. SCE values varies from 12 kJ/kg at driving temperature of 70 oC to about 50 KJ/kg at 
a driving temperature of 100 oC at a constant condenser temperature of 30 oC to a corresponding increase of 
SCE from 2 kJ/kg to 32 kJ/kg at driving temperatures of 70 and 100 oC respectively at a corresponding constant 
condenser temperature of 45C. In contrary, SCE values are decreasing by increasing condenser temperature. 
Similarly, COP values vary from about 0.15 to 0.33 at condenser temperature of 30 oC to about 0.03 to 0.21 at 
condenser temperature of 40 oC. Consequently, SCE and COP values increase by increasing driving source 
temperature and decreasing condenser temperature as well.

This is attributed to the fact that increasing the condenser temperature at a constant evaporator 
temperature leads to a corresponding increase in the condenser pressure which increases the period of the 
isosteric heating time, leading to relatively lower SCE and COP values.  
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Figure (6). The effect of driving temperature on the specific cooling effect at different 
condenser temperatures.

Figure (7). The effect of driving temperature on the coefficient of performance at different 
condenser temperatures.

4.4 The effect of evaporator temperature and condenser temperature on the coefficient 
of performance

In order to illustrate clearly the effect of condenser temperature and evaporator temperature on the COP of 
the system, Figures 8 and 9 are designed for this purpose. Figure 8 shows the effect of condenser temperature 
on the COP of the system at constant driving temperature of 90 oC and constant evaporator temperature of 
5 oC. Increasing the condenser temperature from a value of 15 oC to 45 oC lead to a corresponding decrease in 
COP from 0.47 to 0.12.  It is clearly shown that increasing in the condenser temperature has a negative effect 
on the COP of the system. 

Figure 9 shows the effect of evaporator temperature on the COP of the system at constant driving 
temperature of 90 oC and a constant condenser temperature of 30 oC.   Increasing the evaporator temperature 
from a value of -5 oC to 20 oC lead to a corresponding increase in COP from 0.25 to 0.34. It is clearly shown 
that increasing in the evaporator temperature has a positive effect on the COP of the system. 
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Figure (8). The effect of condenser temperature on the coefficient of performance. 

Figure (9). The effect of evaporator temperature on the coefficient of performance.

4.5 Comparison of Results 
Figure 10 shows a comparison between the present study results and others from literature. The present 

study results for the equilibrium adsorption capacity are compared with others from literature namely, 
Askalany et al, Saha et al and Attala &Sadek [9]. It is clear from the figure that there is a good agreement 
between the present study results and Saha et al. Whereas, there is a small deviation between the present study 
results and Attala & Sadek ranges from (+1% at pressure of 1 bar to +10% at pressure of 5 bar) in addition to a 
corresponding bias of (-2% to -8%) with Askalany et al. The main reason for this discrepancy is attributed to 
the difference in Activated carbon properties used for such studies since there are several types in the market. 

Figure 11 shows a comparison between the present study results and the results from Askalany et al [5] for 
specific cooling capacity. The present study results are compared with theoretical and experimental results at 
constant evaporator temperature of 7 oC and at constant condenser temperature of 30 oC. As can be seen in 
the figure, there is a noticeable discrepancy especially with theoretical results of askalany et al. This is may be 
attributed to the difference in GAC material properties and to the approximations related to the physical and 
thermodynamics properties of the adsorbate/adsorbent (GAC/R134a) used. For example the assumption of 
constant properties (specific heat, density  …etc).    
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Figure (10). Comparison between the present study results and literature for equilibrium 
adsorption capacity.

Figure (11). Comparison between the present study results and literature for specific 
cooling capacity

CONCLUSIONS
In this research work, an adsorption cooling system is modeled and theoretically investigated. The effect 

of the main parameters and operating conditions known to affect the system performance are closely studied 
and analyzed. The main concluding remarks are;

 • Equilibrium adsorption capacity is highly affected by the driving temperature and equilibrium pressure. 
It increases by increasing equilibrium pressure and decreasing by a corresponding increase of the driving 
temperature.

 • Increasing the driving temperature raises the theoretical values of the SCE and COP of the cooling system. 

 • Increasing the evaporator temperature raises the values SCE and COP.

 • Increasing the condenser temperature leads to a remarked decrease in SCE and COP of the cooling system.  

 • When comparing this study results with literature, there is a good agreement between the present study 
results and literature.. 
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 • The adsorption system can be driven effectively by low grade heat sources such as, solar energy, waste 
heat…etc.

NOMENCLATURE

Symbols  Subscripts
a Constant ac Activated carbon
b Constant ads Adsorption
Cp  Specific heat, (kJ/kg/k) Con Condenser
COP Coefficient of Performance c Condenser
E Characteristic energy, (kJ/kg) cr Critical
hfg Latent heat, (kJ/kg) des Desorption
hst Isosteric heat of adsorption, (kJ/kg) eva Evaporator
m Mass, (kg) e Evaporator

mo Mass flow rate, (kg/s) f fluid

n Exponential constant in Inlet
P Pressure, (bar) out Outlet
q Heat per mass of the adsorbent, (kJ/kg ) m Metal
R Universal gas constant, (8.314 J/mole/K) r Refrigerant
T Temperature, (K) s Saturation  
Q Power, (kW) st Isosteric heat
W Adsorption mass capacity, (kJ/kg)
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